Background: There seems to be a consensus that family influences on dietary habits are important. However, no data relative to breakfast have been published yet. Objective: To investigate whether and how breakfast energy intake aggregates within French families. Design: A total of 398 families of the Stanislas Family Study who filled in a 3 day food consumption diary were selected. Absolute and relative breakfast energy intakes (BEI in kcal=day and RBEI in percentage of daily intake, respectively) were both studied. Results: By using a variance component analysis, no genetic influence was shown in family aggregation of both BEI and RBEI. Intra-generation common environmental contribution to total phenotypic variance of BEI and RBEI was higher than intergeneration; both were increased with frequency of sharing breakfast. Furthermore frequency of sharing breakfast contributed to increase family resemblance in breakfast energy intake, particularly in offspring for BEI and RBEI, and in spouses for RBEI. Smoking habits, alcohol consumption, BMI or physical activity were related to family resemblance, but after adjustment on each factor degrees of resemblance were almost unchanged. Conclusion: General findings of this study were that family aggregation in breakfast absolute and relative energy intakes was significant within Stanislas families. Family resemblance depended on inter-and intra-generation components and was modified by the number of shared breakfasts. Our study confirmed that familial habits act on family resemblance in both absolute and relative breakfast energy intakes, so that family should be a favorite unit for health and diet promotion programs.
Introduction
Risk factors for many diseases including coronary heart diseases occur within families (Sellers et al, 1991; Perkins, 1986; Austin et al, 1987) . While suggestive of a genetic effect, families who live in the same environment also share cultural, behavioral and occupational factors that may also be related to disease risks. Among environmental factors, dietary intakes are implicated in the pathogenesis of chronic diseases and there seems to be a consensus that family influences on dietary habits are important (Lissner & Heitmann, 1995; Sallis et al, 1995; Carroll, 1991; Motulsky, 1992; Connor et al, 1984) . Family is a favorite unit for prevention messages in nutrition to be given.
Until now, nutritionists had paid much more attention to daily nutrient or energy intakes than to breakfast energy intake. Consumption of breakfast has traditionally been linked to a range of positive outcomes, especially related to cognitive performance and improved nutrient intake patterns (Vaisman et al, 1996; Pollitt et al, 1981; Smith et al, 1994; Nicklas et al, 1998; Pollitt & Mathews, 1998) . Having breakfast is also a healthy habit with beneficial effects on physical health. Indeed, children who skip breakfast are almost twice as likely to be overweight as breakfast eaters (Nicklas et al, 1998) , so breakfast should be a basis for a balanced diet: taking a complete and well-balanced breakfast avoids hunger feelings in the morning which can lead to nibbling snack foods, particularly those rich in sugar and=or fat, a habit that can become unhealthy.
Thus this study was undertaken to investigate whether and how absolute and relative breakfast energy intakes (BEI and RBEI, respectively) aggregate within middle-class French families. This study investigated whether frequency of sharing breakfast characterizes family resemblance and whether smoking habits, alcohol consumption, body mass index (BMI) or physical activity are related to family resemblance in breakfast energy intakes.
Subjects and methods

Subjects
The current analysis used data from the Stanislas Family Cohort which is a longitudinal survey involving 1006 families in apparent good health and recruited during a free health check-up at the Center for Preventive Medicine in Vandoeuvre-lès-Nancy (France) between 1994 and 1995. The Stanislas Family Cohort previously described by Siest et al (1998) is made up of volunteers living in the vicinity of Nancy and willing to have a free health check-up every 5 y. Only nuclear families composed of two parents aged less than 65 y old and at least two biological children older than 6 y were included. All the subjects gave their written free and informed consent. The protocol was approved by the Ethical Committee of Lorraine.
For the Diet Project, families were excluded if one member had a chronic or acute disease that could influence eating behavior or food consumption, or if one member did not fill in the dietary questionnaire. Therefore, the final sample included 398 families (1595 subjects). Data used in this study were collected in 1994 -1995. All subjects underwent a complete medical examination including weight and height measurements. Data on alcohol and tobacco consumption, physical activity, education and socio-professional status were collected through questionnaires, under the supervision of trained nurses.
Food consumption
To estimate nutrient and energy intakes, each family member had to complete a 3 day food consumption diary on two contiguous weekdays and one weekend day assigned at random for each family. Within a family, the same 3 days were allocated for parents and children. For each meal (breakfast, lunch, dinner and snacks), subjects had to note the type of food eaten, the quantity (by weight or by household measures) and the drinks. They also had to report the number of meals habitually shared with other members of the family in a week. This assessment was made during the week of food investigation and was based on general habits. An index of shared breakfasts was computed for each family as the average number of breakfasts shared by at least two persons in the family in a week. Dietary records were entered and analyzed using a commercially computerized nutrition database program (GENI package; Musse et al, 1989) which included the French database and food-industry values (REGAL database; Feinberg et al, 1991) . In the current study, we analyzed breakfast energy intake in kcal=day (BEI) and the contribution of breakfast to daily energy intake as a percentage (relative breakfast energy intake: RBEI) over the 3 days.
Statistical analysis
Description of related characteristics. For characteristics, means, standard deviations or frequencies were calculated for fathers, mothers, sons and daughters. If variances were assumed to be equal within groups, Fisher's ANOVA was used to test the difference in means between groups; otherwise the Welch's test was preferred. Then the Student -NewmanKeuls multiple comparison test was used to determine which means were different from each others. For BEI and RBEI, median, 2.5th and 97.5th percentiles were indicated and Kruskal -Wallis one-way ANOVA was used to test the difference between the four groups.
Since distributions of BEI and RBEI were not close to normality, transformations were computed as follows:
where BẼ crude is the BEI standardized variable
where RBEI crude is the RBEI value without any transformation.
Both transformed variables were tested for normality within each group by using Wald's test on skewness and kurtosis (with a ¼ 0.05). Skewness and kurtosis were not significantly different from 0 in each group except for daughter RBEI (kurtosis remained significantly different from 0, P ¼ 0.003).
Family resemblance in BEI and RBEI. Family correlation coefficients were jointly computed by using the maximum likelihood method (Donner & Koval, 1981) . Difference in family correlations according to parent's or child's sex were tested by comparing the log-likelihood of different nested models. If L1 is the log-likelihood of a general model and L2 the log-likelihood of a sub model, 2(L1 7 L2) has an approximate w 2 distribution with degrees of freedom equal to the number of parameters restricted when specifying the sub model from the general model (Donner & Koval, 1981) .
Variance component analysis was applied in order to assess the relative contributions of genetic, common household factors and individual specific environment in BEI (and RBEI) family aggregation. The variance component analysis was detailed according to the number of breakfasts shared by relatives. Then, other factors related to family resemblance, such as BMI, alcohol and cigarette consumption and physical activity were looked for.
The analysis was conducted using a multivariate normal model for pedigree analysis as described by Lange et al (1976, Family resemblance in breakfast S Billon et al 1988). The general model assumed that the studied trait was the result of the sum of three independent random components: a polygenic component (G) representing additive genetic factors, environmental factors common to individuals within a family (C), and environmental factors particular to an individual (including measurement error, (E). These three components were assumed to be normally distributed with mean equal to 0 and variance equal to s 2 G , s 2 C and s 2 E , respectively. BEI and RBEI were adjusted a priori for age (A) and gender and means were modeled as follows:
for fathers and sons:
Subsequently adjustments were tested on potential covariates such as BMI, alcohol and cigarette consumption and physical activity. Hopper et al (1992) . Variance components were also decomposed according to the index of shared breakfasts lower or higher than 2.1 (median). Thus the variance -covariance structure of BEI, or RBEI, for two individuals j and k, in the same family i, with an index < 2.1 (or ! 2.1), was given by: Ccom þ S oo . The estimates of parameters of variance component model resulted from calculation of covariance matrices accounting for kinship coefficients and from application of the maximum likelihood method, using the computer package FISHER which also performed tests of fit of the underlying multinormal distribution.
Different hypotheses were tested, such as: no 'parentparent' (or 'offspring -offspring') specificity; no difference between environment specific to parents and environment specific to offspring; effect of frequency of sharing breakfast (index of shared breakfasts) on variance components. Comparison of nested models was based on the likelihood ratio criteria, using a w 2 test. All P-values lower than 0.05 were considered statistically significant. Eventually, the best parsimonious model was selected. The contribution (in percentages) of shared (intra-and inter-generation) and residual environmental components to total phenotypic variance was deduced as a function of index of shared breakfasts.
Degrees of resemblance were then derived from covariance components. Correlation between individuals j and k was:
Results BEI, RBEI and related characteristics are presented in Table 1 . Kruskal -Wallis test showed a significant difference in BEI and RBEI (P < 0.001). Mothers had the lowest BEI, sons the highest, fathers' and daughters' intakes being intermediate. Children and mothers had the highest RBEI.
Family correlations
The pattern of family correlations for BEI and RBEI is given in Table 2 . Significant correlation coefficients were found for all the various pairs of relatives in general model (P 0.001). The test for sib's or parent's sex difference did not reach statistical significance (P ¼ 0.58 and 0.23 for BEI and RBEI, respectively); consequently, the most parsimonious model was a model pooling fathers and mothers, and sons and daughters. Spouse -offspring correlation coefficients (0.22 -0.24) were lower than those between the others pairs of relatives (0.32 -0.45) and offspring correlations were the highest (0.40 -0.45). Since associations were statistically independent of sex, further variance component analyses were carried on data without accounting for sex in both parents and children.
Variance component analysis Then, for both BEI and RBEI, the contribution of genetic and environmental factors was investigated by using the general variance component model (Lange et al, 1976 (Lange et al, , 1988 . No significant genetic contribution to variability in BEI and RBEI was found (P ¼ 0.065 and 0.088, respectively). Moreover, the general model including genetic and environmental contributions gave negative values for polygenic components: 7 0.1280 and 7 0.0014 for BEI and RBEI, respectively. A model including only shared and individual-specific environment effects, without genetic contribution, was considered to give the best description of the BEI and RBEI variance composition. Shared common environment accounted for 42.5 and 52.9% of the BEI variance in parents and offspring, respectively, and about 50.0% of RBEI variance in both parents and offspring (data not shown).
As a consequence of the previous results, more complex models were tested; shared (s 2 C ) and individual-specific environment (s 2 E ) components were decomposed according Family resemblance in breakfast S Billon et al to the index of shared breakfasts ( < 2.1 or ! 2.1) as described previously (for more details see Appendix). Components of variance based on the best model for the two indices are summarized in Table 3 for spouses and offspring.
For parents, shared common environment (inter-and intra-generation) represented 20.7 and 21.5% of total phenotypic variance of BEI when the index of shared breakfasts was lower than 2.1 or greater or equal to 2.1, respectively, while residual variance represented 58.6 and 57.0%, respectively. For children, residual variance represented a lower part of total phenotypic variance when the index of shared breakfasts increased (51.1 vs 41.7%), while inter-and intrageneration shared common environments represented greater parts (inter-generation, 18.1 vs 21.6%; intra-generation, 30.8 vs 36.7%). Between-siblings correlation for BEI increased with increased number of shared breakfasts (0.38 vs 0.47), whereas spouses and parent -offspring correlations were quite similar (from 0.24 to 0.27) and increased slightly when the index of shared breakfasts was greater than 2.1. Family resemblance in breakfast S Billon et al Decomposition of RBEI variance was quite different. For parents and offspring, residual variance of RBEI represented a lower part of total phenotypic variance when the index of shared breakfasts increased (53.7 vs 45.8%), while inter-and intra-generation common environmental components represented greater parts (inter-generation, 17.0 vs 19.9%, intra-generation, 29.3 vs 34.3%). Children and spouses had the highest degree of resemblance of RBEI, particularly when the index of shared breakfasts was greater or equal to 2.1 (0.43 vs 0.35). Parent -offspring correlations slightly decreased particularly when the index of shared breakfasts was greater than 2.1 (0.25 vs 0.21).
While BEI adjustment for smoking habits (only on parent BEI), physical activity, alcohol consumption and BMI was significant for each of those factors (P < 0.001), family correlations (as variance components) were almost unchanged, ie plus or minus 0.01 unit (data not shown). Adjustments for individual factors gave the same results for RBEI and family correlations were almost unchanged.
Discussion
This study is the first one to examine the family aggregation of breakfast energy intake in a cohort of middle-class French families. Two indices, energy intake in kcal=day and the contribution of breakfast to daily energy intake in percentage (absolute energy intake (BEI) and relative breakfast energy intake (RBEI), respectively) were used to provide additional insight into the extent of the mutual influence of parents and children on dietary behaviors at the first meal of the day. As other authors (Pérusse et al, 1988; Vauthier et al, 1996; Feunekes et al, 1997) , we wondered about the validity and adequacy of the method used to estimate individual nutrient intakes. The same as Pérusse et al (1988) and Vauthier et al (1996) , a 3 day dietary record including a weekend day was used. It was previously shown that such a diet survey provides reliable estimates of nutrient intake that are comparable to those derived from a 7 day record (Tremblay et al, 1983; Stuff et al, 1983) . In our study, procedures were chosen in order to reduce methodological bias: dietary intake was assessed at the same time for parents and for children, diaries were carefully reviewed by only one dietician and mothers recorded the intake of young children who were not able to do it themselves (for extensive discussion see Feunekes et al, 1997) .
For both indices, no polygenic effect on family resemblance was found; moreover estimates given by models were negative. Results on breakfast intakes in the literature are lacking and the only available data are on energy or macronutrient intakes of the whole day. Nevertheless, our results on breakfast were similar to those previously published on daily energy intake in families (Pérusse et al, 1988; Vauthier et al, 1996) , but not to those of most twin studies indicating that eating behavior is influenced by genes (Faith et al, 1999; De Castro, 1993; Wade et al, 1981) . Other twin studies reported a genetic influence on food preferences (Falciglia & Norton, 1994) , food use, serving size, consumption frequency (van den Bree et al, 1999) and hunger (De Castro, 1999) . However, we must accept that data of the literature are inconsistent with respect to the effect of genetic factors. The variation in estimates of genetic influences across studies may be due to sample size and characteristics, study design (twins or families), dietary measures used (food intakes, nutrient intakes, preferences, food selection, eating patterns etc) and method of statistical analysis. Another issue that may influence results of twin studies is violation of the equal environment assumption. Unequal environmental variance between twin types (monozygotic and dizygotic) could bias most estimates of genetic variance (Christian, 1979; Fabsitz et al, 1978) . However most recent investigations included in the analysis the checking that the equal environment assumption was not violated (van den Bree et al, 1999) .
Methods used to estimate heritability in families, for instance variance component analysis, also require strict assumptions such as multinormal distribution of the trait and additive effects of multiple genes, environment factors, family environment and cultural transmission (Susser & Susser, 1987) . The assumptions of these models may have a marked effect on their results, particularly the tendency to overestimate heritability because of three main issues: (i) genotypic variance may include shared environmental variance that has not been removed by design or analysis; (ii) estimates could greatly differ across populations according to the distribution of environmental and genetic factors; and (iii) the assumption of independence between genotype and environment is likely to be violated when covariation and interaction are present. In addition to problems in overinterpreting genetic models, lack of power could lead to underinterpretation. In the case of diet study, the problems could reside in the mild effect of multiple genes and in the imprecise measurement of the trait.
All these potential study limitations should not modify the inference about the absence of genetic effect on both BEI and RBEI: (i) the computer package FISHER used in our study performed tests of fit of the underlying multinormal distribution; (ii) the general model including genetic and environmental contributions gave non significant and negative values for polygenic components; (iii) the size of the full sample was not modest and allowed to detect variance component effects (such as various environmental influences); and (iv) the type of diet questionnaire was previously judged sufficient for the present study.
In our study, family correlation coefficients were found to be close to those published in the literature concerning the energy intake of the whole day (Vauthier et al, 1996; Pérusse et al, 1988; Oliveria et al, 1992) . Generally, the coefficients are modest ( < 0.50), suggesting that other environment factors may also influence nutrient intake. Globally, without accounting for the number of shared breakfasts, similar patterns of family aggregation were shown for the two indices used in our study: intra-generation correlations Family resemblance in breakfast S Billon et al were greater than inter-generation correlations and offspring correlations were higher than spouse correlations. Variance component analysis showed that, for BEI and RBEI, shared common environment represented between 42.5 and 52.9% of the total phenotypic variance, transmissible variance (mainly cultural inheritance estimated by between-generation component) representing from 18.2 to 19.2%. Consequently, for both indices in children, cohabitation effect (intra-generation contribution) was higher than cultural effect -generation contribution (about 33%). Higher transmissible variance components ranging from 31 to 45% were previously found for daily energy and macronutrient intakes (Vauthier et al, 1996; Pérusse et al, 1988) .
Taking into account the number of breakfasts eaten together within the family enabled more precise definition of the different components of shared environment. For BEI, between-generation components were quite similar and relatively modest, whatever the number of shared breakfasts (from 18.1 to 21.6%). It means that the role of cultural inheritance was minor, even if families shared the first meal of the day. Cohabitation effects were of same level in parents, independently of the index of shared breakfasts; spouse components being from 20.7 to 21.5%. Cohabitation effects were higher in children and rose when the number of shared meals increased (from 30.8 to 36.7%). The most parsimonious model for RBEI which took into account the global intake of the day, showed quite different components of shared environment. Cultural inheritance was also modest in spouses and offspring (17%) and slightly increased when families shared breakfast together (19.9%). Conversely to BEI, cohabitation effects were higher and rose with increase shared breakfasts in both spouses and children (from 29.3 to 34.3%).
The main difference in patterns of family aggregations between the two indices was observed for cohabitation component values that were higher in children than in parents for BEI and of same level in both generations for RBEI. RBEI depends on the contribution of the other meals of the day and is a better indicator of habitual eating pattern than BEI. Mutual influence between spouses would be higher on eating pattern (for instance the balance of daily energy intake) than on the absolute energy intake.
Three previous studies manipulated the number of relatives present at a meal and suggested that the effect of the presence of relatives by extending meal duration on energy intake is a causal effect (Vauthier et al, 1996; Feunekes et al, 1995; Redd & de Castro, 1992) . In addition to sharing meals, many other factors have been identified in the literature to contribute to dietary intake similarities within families, eg mutual influence, food preferences, eating behaviors, family organization, atmosphere and duration of meals, adult role modeling, parent discipline and parent-child stimulation of food intake (Pliner & Pelchat, 1986; Hertzler, 1983; Schafer & Keith, 1981) . In our study, we did not find any other factors influencing the family aggregation. Adjustment on parent characteristics such as smoking habits, and on physical activity, alcohol consumption and BMI for both parents and children reduced variability of the two indices but modified only moderately family correlations (from 0.01 to 0.02 for both BEI and RBEI).
General finding of this study was that family aggregation in breakfast absolute and relative energy intakes was significant within Stanislas families. No genetic influence was shown in family aggregation of both indices. Cohabitation effect on BEI and RBEI was higher than cultural inheritance influence. Furthermore, frequency of sharing breakfast contributed to increase cohabitation effect in offspring for BEI and RBEI, and in spouses for RBEI; cultural inheritance being slightly increased when families shared breakfast together. Smoking habits, alcohol consumption, BMI or physical activity were related to family resemblance but after adjustment on each factor, degrees of resemblance were almost unchanged. Our study confirmed that familial habits act on family resemblance in eating patterns, so that family should be a favorite unit for health and diet promotion programs.
